by the perketal method would be used as "gold standards" in LOOH methodology. 
eluent was evaporated and redissolved in 20 ml of dichloromethane.
115
For UV photo-oxidation, 100 mg of PLPC, PLPE, PLPS, ChL, LLL, LA, or LAMe 116 was placed in a test tube and exposed to oxygen gas for 10 s. The tube was capped,
117
and then photo-oxidized using a 15 W UV GL-15 lamp (radiation frequency, 253 nm; 118 Toshiba Electronics Co., Tokyo, Japan) at 20 °C (room temperature) for 3-24 h. The 119 light source was held vertically at 30 cm above the test tube. The resultant lipid was 120 dissolved in 20 ml of dichloromethane.
121
For lipoxygenase-catalyzed oxidation, a solution of PLPC, PLPE, PLPS, LLL, LA, 122 or LAMe (100 mg/5 ml of ethanol) was mixed with 170 ml of 50 mM borate buffer (pH 123 9.0) containing soybean lipoxygenase-1 (LOX-1, 1.25  10 6 units; SERVA
Purification of LOOH by using MxP

135
We confirmed LOOH formation in the dichloromethane sample, allowed the 136 sample to react with MxP in order to obtain perketal, and subsequently, LOOH was 137 regenerated from the perketal as follows.
138
For the reaction with MxP, the dichloromethane sample (20 ml) was mixed with 139 PPTS (2-10 mg/4 ml of dichloromethane). To the sample mixture, 1-5 g
140
(approximately 1.3-6.7 ml) of MxP (Wako, Osaka, Japan) was added. The sample
141
(total approximately 25-31 ml) was vortexed for 1 min, and kept standing for 0.5-6 h at 142 4-20 °C. After confirming the perketal formation by LC-UV/CL/MS, a portion (1 ml) 143 of the sample mixture was subjected to semi-preparative LC, and the perketal fraction 144 was collected as described below. This isolation procedure was repeated 25-31 times.
145
The collected perketal fractions were combined and evaporated to dryness.
146
For regeneration of LOOH, the isolated perketal was dissolved in 25 ml of 
LC-UV/CL/MS for LOOH and perketal analysis
156
LOOH and its MxP adduct (perketal) were analyzed and their concentrations were Perketal and LOOH (regenerated from perketal) were isolated using semi-preparative LC by using an ODS column (COSMOSIL 5C 18 -MS-II, 5 µm, 20 × 180 250 mm; Nacalai Tesque) fitted with its precolumn (10 × 50 mm). The mobile phases 181 used were the same as those used for LC-UV/CL/MS, as described above. The flow 182 rate was 10 ml/min, and column temperature was maintained at 40 °C. MO, USA)), and incubated for 2 h at room temperature (25). After centrifugation at 198 1000 g for 5 min at 4 °C, the lower chloroform layer was collected and dried by N 2 gas.
199
The dried residue was redissolved in 1 ml of methanol, and subjected to 
Stability testing
215
The obtained hydroperoxides of PLPC, PLPE, PLPS, LA, and LAMe (1.5 mg)
216
were dissolved in 1 ml of methanol, while the hydroperoxides of ChL and LLL (1.5 mg)
217
were dissolved in 1 ml of chloroform/methanol (1:1, v/v). These solutions were stored 218 under nitrogen atmosphere at -30 °C for 12 months and analyzed by LC-UV/CL/MS.
219
Similarly, the stability of perketals was evaluated.
221
Statistics
222
The data are expressed as mean ± SD and analyzed using Student's t test.
223
Differences were considered significant at P < 0.05. 
RESULTS
226
LOOH formation during photo-and enzymatic oxidation 227 We initially analyzed the RB-catalyzed photo-oxidation of PLPC (12). After the reaction, PLPCOOH (m/z 790.6 [M+H] + ) was formed as the major oxidation product
229
( Fig. 2A) , and also confirmed by CL detection (Fig. 2B) 
Reaction of LOOH with MxP
244
The photo-and enzymatically oxidized lipid samples were treated with MxP.
245
After treating the RB-catalyzed photo-oxidized PLPC sample with MxP, PLPCOOH 246 isomers were no longer detectable in the sample (Fig. 3A) . Moreover, perketals 
3B-D)
. These isomers were CL-negative (Fig. 3E) , indicating the absence of a 249 hydroperoxide group.
250
In the case of other samples, MxP also reacted almost completely with LOOH to 251 yield perketals. The optimal conditions required to obtain perketals with good 252 efficiency are described in Figures 1-6 ).
274
On the other hand, when LOX-1-catalyzed oxidation was conducted instead of 275 photo-oxidation, we obtained an LOOH isomer (e.g., PLPCOOH bearing 276 13-hydroperoxy-9Z,11E-octadecadienoate) with high purity and yield. LOOH levels is therefore important, but no approved LOOH standard is available yet.
292
In this study, we developed a method for the preparation of the hydroperoxides of PLPC,
293
PLPE, PLPS, ChL, LLL, LA, and LAMe through reaction with MxP.
294
Over 50 years ago, it was reported that under acidic conditions, some vinyl ethers 295 can react with organic hydroperoxides to form perketals (16, 17) . At around 1990,
296
Porter et al. (18, 19) reported the application of vinyl ether (trans-2-phenylcyclohexyl 297 2-propen-2-yl ether) for the synthesis of optically pure hydroperoxides (e.g.,
298
-phenethyl hydroperoxide, 2-octyl hydroperoxide, and some fatty acid methyl ester 299 hydroperoxides). The procedures include protecting the racemic hydroperoxides as 300 perketals by using vinyl ether, separating the perketal diastereomers by chromatography,
301
and regenerating the optically pure hydroperoxides from the perketal diastereomers.
302
Baba et al. (21) pure LOOHs (Fig. 1A) .
307
We investigated and optimized the preparation conditions of LOOH ( Fig. 2 formation of unknown products. Based on these results, we optimized the reaction conditions ( Fig. 3 and Table 2 ). Under optimal conditions, LOOH was almost 329 completely converted (above 90%) to perketal within a short time period of less than 3 h.
330
The lipophilic perketal was eluted in a position apart from that of intact LOOH, and 331 thereby the perketal could be identified and isolated by semi-preparative LC (Fig. 4) .
332
No decomposition products of perketal were detected, indicating the stability of perketal.
333
In addition, because MxP did not react with the secondary oxidation products, the products derived from the RB-photo oxidation).
338
A possible reaction scheme for the regeneration of intact LOOH from perketal is 339 shown in Fig. 9 . As shown in the scheme, the kind and the concentration of the acid 340 used were important, and these factors were optimized ( Fig. 5 and Table 3 ). In this 341 study, chloroform/methanol (1:1, v/v) was used as the reaction solvent, and methanol or 342 acetonitrile could also be used. Under optimal conditions, perketal was converted to 343 original LOOH with a high yield (above 90%), and the regenerated LOOH was next 344 subjected to final semi-preparative LC purification (Fig. 6) .
345
The obtained LOOHs after photo-oxidation were highly pure (Fig. 7, Table 3 (1-palmitoyl-2-(13-hydroperoxy-9Z,11E-octadecadienoyl)-sn-glycero-3-phosphocholine). data are expressed as mean ± SD, n = 3, and analyzed using Student's t test.
523
Differences were considered significant at P < 0.05* or P < 0.01**. Addition of MxP by nucleophilic addition of hydroperoxide to 2-methoxypropene. B,
527
Elimination of MxP and regeneration of hydroperoxide. 
528
1-Palmitoyl-2-linoleoyl- sn-glycero-3-phosphocholine (PLPC) 1-Palmitoyl-2-linoleoyl- sn-glycero-3-phosphoethanolamine (PLPE) 1-Palmitoyl-2-linoleoyl- sn-glycero-3-phosphoserine (PLPS) Linoleic acid (LA) Methyl linoleate (LAMe) O C O Cholesterol linoleate (ChL) Trilinoleoylglycerol (LLL) O O H O O H 3 C H 2 C H 2 C HC O O O O O O O O O O O O N + P O O - O O O O O O H 3 N + P O O - O O O O O O P O O - NH 3 + O HO
